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I Yohei Kinoshita, having been warned that willful false 
statements and the like are punishable by fine or imprxsoxunent 
or both, under section 1001 of Title 18 of the United States Code> 
and may jeopardize the validity of the above -captioned application 
and any patent issuing thereon, declare: 
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Law Office. Nishi-Shimbashi 3-chome. Minato-ku. Tokyo 105-0003. 
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I am fluent in the Japanese and English Languages, 



(3) I have reviewed the attached translation, and certify 
that it is an accurate English translation of the above- identified 
patent application, including the drawings. 

(4) All of the statements made herein of my own knowledge 
are true and all statements made herein on information and belief 
are believed to be true. 
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[Title of the Invention] Lubrication and cooling structure of a wet-type 
friction engaging apparatus 
[Field of the Invention] 
[0001] 

The present invention relates to a structure, which enables 
to lubricate and cool down an engaging section by efficiently supplying 
cooling/lubricating oil to a wet-type friction engaging apparatus used 
in a transmission for a motor vehicle or in a transmission for an in- 
dustrial or construction machinery. 
[Background of the Invention] 
[0002] 

Conventionally, a wet-type friction engaging apparatus has 
been used in such as an automatic transmission fox a motor vehicle or a 
transmission for an industrial or construction machinery etc. as a ap- 
paratus to transmit torque or to turn off its transmission. 

As shown in Figure 4, a friction disk 30 and a mating plate 
40 are arranged alternately in a drum D of a wet-type friction engaging 
apparatus and the drum D houses a piston P. which is thrust by operating 
oil A. pressing the friction disk 30 and the mating plate 40 to be in 
press contact with each other, and a spring receiver SR. which receives 
a spring S driving the piston P away from the friction disk 30 and the 
mating plate 40. 
[0003] 

The wet-type friction engaging apparatus lOA transmits torque 
in its engaging state when the piston P thrusts the friction disk 30 and 
the mating plate 40. and turns off its transmission of torque in its 
releasing state when the piston P is driven away from the friction disk 
30 and the mating plate 40. 

When the wet-type friction engaging apparatus is in its 
engaging state, the friction disk 30 and the mating plate 40 generate 
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heat to high temperature since they are rubbed against and in press 
contact with each other. Therefore, the friction disk 30 and the mating 
plate 40 are cooled down by circulated cooling/lubricating oil B. 

A projection which is provided on a opening end 22 of an 
inner surface of a hub 20 prevents the lubricating oil B from leaking 
from its end regardless of rotational speed, and thus, all lubricating 
oil B. regardless of rotational speed, drains through an oil bore 24. 
which is provided in the hub 20 in the radial direction so that oil may 
be circulated. 
[0004] 

However, since such a wet-type friction engaging apparatus 
lOA needs to be supplied a large amount of lubricating oil B in order to 
heighten the cooling effect of the friction disk 30 and the mating plate 
40, and it causes a problem such that the driving force of an oil pump 
(not shown) has to be increased. 
[0005]. 

In addition, if the amount of supply of lubricating oil B is 
increased in order to heighten the cooling effect, lubricating oil B is 
regularly churned by the friction disk 30 or the mating plate 40 in the 
releasing state of the wet-type friction engaging apparatus lOA. and it 
causes a problem that fuel efficiency would worsen due to so-called 
' friction loss'. 
[0006] 

Moreover, since the cooling of the friction disk 30 and the 
mating plate 40 by the lubricating oil B is required during high-speed 
rotation, the lubricating oil is often overly supplied during low-speed 
rotation, which is a usual state of use. Therefore, in a usual 'state of 
use. a drag torque is generated due to the viscosity of the lubricating 
oil B and this causes drag loss and lowering of efficiency. 
[0007] 
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On the other hand, there is a lubrication and cooling 
structure of a wet-type clutch (by way of example, refer to Patent 
Document 1). which may sufficiently cool the engaging section of a wet- 
type friction engaging apparatus only with a small amount of lubricating 
oil. 

This comprises a lubricating oil storage and a lubricating 
oil supply path, characterized in supplying lubricating oil to the 
lubricating oil storage through the lubricating oil supply path, and 
draining it through an opening of the lubricating oil storage. 

In this connection, although the title of the invention is 
"lubrication structure' in Patent Document 1, the object of the lubri- 
cating oil is not only to reduce abrasion of a friction section, but 
also to release heat, in other words, cool the friction section, and 
thus, it should be referred to as a ' lubrication and cooling structure' 
to be more precise. 
[0008] 

It is described therein that according to the invention, 
sufficient cooling/lubricating oil is supplied to a friction surface; 
heat is sufficiently transmitted to the lubricating oil; the lubricating 
oil in the lubricating oil storage moves certainly from an outer dia- 
meter side of the friction surface to the opening of the lubricating oil 
storage to be drained; therefore, heat is not stored in lubricating oil; 
and as a result, the friction surface may be sufficiently cooled down 
with only a relatively small amount of lubricating oil. 

It is also described therein that when the lubricating oil 
storage has a lubricating oil drain port, which opens and drains 
lubricating oil in the lubricating oil storage when friction engaging 
elements are not engaged, the drag torque of a clutch may be lowered at 
the time when friction engaging elements are not engaged, and thus, the 
loss of motive power can be reduced and fuel efficiency can be improved. 
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[0009] 

[Patent Document I] 

Unexamined Japanese Patent Publication No. 009287/1998 

(pages 2-4) 
[0010] 

However, the lubrication and cooling structure of Patent 
Document 1 has a difficulty of miniaturizing a wet-type friction engage- 
ment apparatus since its structure is complicated and a lot of struc- 
tural elements are reauired so as to realize its function. 

In view of the above problems, it is an object of the present 
invention to provide a lubrication and cooling structure of a wet-type 
friction engaging apparatus, of which structure is relatively simple, 
and which may reduce drag toraue at the time of a usual state of use. 

[Summary of the Invention] 

[0011] 

The present invention solves the above-mentioned problems by 
providing a lubrication and cooling structure of a wet-type lubrication 
and cooling apparatus, wherein a friction disk is fitted by spline with 
a hub; a mating plate is fitted by spline with a drum; said friction 
disk and said mating plate are arranged alternately; the engagement of 
said friction disk and said mating plate results in the transmission of 
toraue; and an oil bore is provided in said hub to circulate cooling/ 
lubricating oil. characterized in that the inner surface of said hub is 
in a stepped taper shape wherein its diameter increases towards the 
opening end, and said oil bore is provided in each step. 
[0012] 

According to the present invention, an inner surface of a hub 
is in a stepped taper shape wherein its diameter increases toward its 
opening so that lubricating oil can be leaked from the opening end. 
Therefore, a large amount of lubricating oil can be drained during low- 



speed rotation, and as a result, the drag toraue of a wet-type friction 
engaging apparatus in a usual state of use is reduced and fuel ef- 
ficiency is improved. 
[Brief Description of Drawings] 
[0013] 

Figure 1 is a partial cross-sectional view of a wet-type 
friction engaging apparatus, in which a lubrication and cooling struc- 
ture according to the present invention is installed. 
[0014] 

Figure 2 is an explanatory view which shows the flow of lu- 
bricating oil during low-speed rotation of a wet-type friction en- 
gaging apparatus of Figure 1. 
[0015] 

Figure 3 is an explanatory view which shows the flow of 
lubricating oil during high-speed rotation of a wet-type friction en- 
gaging apparatus of Figure 1. 
[0016] 

Figure 4 is a partial cross-sectional view of a conventional 
wet-type friction engaging apparatus. 
[0017] 

Figure 5 is a chart showing drag toraue of a clutch in which 
a lubrication and cooling structure according to the present invention 
is installed and a conventional clutch. 
[Detailed Description of Preferred Embodiments] 
[0018] 

Embodiments of the present invention will be explained refer- 
ring to Figure 1. 

As shown in Figure 1. a wet-type friction engaging apparatus 
10 comprises a friction disk 30 which is fitted by spline with a hub 20 
anda mating plate 40 which is fitted by spline with a drum D. The 
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friction disk 30 and the mating plate 40 are arranged alternately, and 
toFQue is transmitted when the friction disk 30 and the mating plate 40 
are engaged with each other. 

The drum D houses a piston P. which is thrust by operating 
oil A. pressing the friction disk 30 and the mating plate 40 to be in 
press contact with each other, and a spring receiver SR. which receives 
a spring S driving the piston P away from the friction disk 30 and the 
mating plate 40. 
[0019] 

The inner surface of a hub 20 is in a stepped taper shape in 
order to let lubricating oil B leak from an opening end 26 of the hub 
20. and an oil bore 24 is provided in each step in a radial direction of 
the hub 20. A periphery of an inlet of each oil bore 24 is in a concave 
shape. 

If the inner surface of the hub 20 is not in a stepped shape 
but simply in a taper shape, most of lubricating oil which splashes from 
a shaft tends to leak from an opening end. However, since the inner 
surface of the hub 20 is in a stepped taper shape as described above, 
lubricating oil which splashes from the shaft can be securely con- 
centrated and be drained through the oil bores 24 during high-speed 
rotation when centrifugal force is relatively large. 

While the angle of taper and the depth of concavity are 
adjusted depending on condition of use such as amount of lubricating oil 
and rotational speed, it is preferable that the taper angle is in the 
range of 5-10 degrees, and the concavity depth is in the range of 
0. 2- 1mm. 
[00201 

Because of the shape described above, during low-speed 
rotation when centrifugal force is relatively small, the lubricating 
oil B drains not only through the oil bore 24 but also through the open- 




ing end 26 of the hub 20 as shown in Figure 2, and during high-speed 
rotation when centrifugal force is relatively large, the lubricating oil 
B does not leak from the opening end 26 of the hub 20 and most of the 
lubricating oil is drained through the oil bore 24 as shown in Figure 3. 

As thus described, since more lubricating oil B is drained 
through the opening end during low-speed rotation in comparison to 
during high-speed rotation, drag torque of a wet-type friction engaging 
apparatus in usual state of use is decreased and fuel efficiency is 
improved. 
100211 

Drag losses corresponding to rotational speeds of a clutch in 
which a lubrication and cooling structure according to the present 
invention is installed and a conventional clutch are shown in Figure 5. 

This chart shows that the clutch in which a lubrication and 
cooling structure according to the present invention is installed has a 
big effect on reducing drag torque during slow-speed rotation in 
comparison to a conventional clutch. 
[0022] 

According to the present invention, an inner surface of a hub 
is in a stepped taper shape wherein its diameter increases toward its 
opening so that lubricating oil can be leaked from the opening end. and 
this achieves the effects of reducing the drag torque during low-speed 
rotation which is usual state of use of a wet-type friction engaging 
apparatus and improving fuel efficiency. 



